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ABSTRACT. Anthropogenic organic contaminants in sediments from the Treriton Channel of the
Detroit River, a highly industrialized waterway connecting Lake St. Clair with Lake Erie, were
identified and quantified. The four major classes of organic contaminants identified were polycyclic
aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCB), polychlorinated naphthalenes
(PCN), and polychlorinated terphenyls (PCT). Distributions of total PAH, the homologues of PCB
and PCN, and total PCT were measured in 33 sediment samples. Concentration range maps revealed
one region of relatively low contaminant concentration (southwest shore of Grosse Ile) and one area >
of high contaminant concentration in the vicinity of Monguagon Creek, located on the northwestern

. side of the Trenton Channel. Closer examination oj total compound class and homologue concentra-
tion distributions suggests a hierarchical ordering of contaminant distribution similarity. Total PCT
‘and PCN concentration distributions are most similar to one another, suggesting a common source in
the vicinity of the Monguagon Creek mouth. PAH and PCB distributions are less similar to each
other and to total PCT and PCN distributions, suggesting different sources of these compound
classes.

ADDITIONAL INDEX WORDS: Toxic substances, chemical analysis, polychlorinated biphenyls,
water pollution sources.

INTRODUCTION The Trenton Channel is a major depositional

The Detroit River, a strait which connects Lake St. zone within the Detroit River; it is 0.25 to 1.2 km
Clair to the western basin of Lake Erie, is one of ~ Wideandis partly dredged to maintain a depth of 7
four major channels joining the Great Lakes. The  t0 9 m. A small portion along the southern edge of
river is 5T km long and drops about 1 m along its  the channel is not dredged and is only 3 m deep.
length. The flow is primarily southerly, with an Several chemical manufacturers discharge waste
average discharge rate of 5,200 m*/sec (Vaughn water containing significant amounts of complex

and Harlow 1965). hydrophobic organic compounds into the Trenton
The lower portion of the Detroit River is a low- Channel. These compounds can concentrate on
. energy environment with flows varying from 0.15  sediments and in biota. For example, Thornley and

to 0.60 m/sec and with significant deposition of =~ Hamdy (1984) and Hamdy and Post (1985) identi-
fine-grained sediment (< 1 xm mean particle diam- fied PCB (1,580 ng/g), DDT and its metabolites
eter). This portion of the river has an average (186 ng/g), chlordane, and hexachlorobenzene in
width of 2,000 m and an average depth of 7 m. Trenton Channel sediments.

Several islands located in this region divide the This paper addresses the following questions: (a)
river into a system of channels, many of which are What are the distributions of well characterized
used as shipping lanes. One of these channels is the organic contaminants (for example, PAH and
Trenton Channel (see Fig. 1) which runs between PCB) endemic to the Trenton Channel of the
Grosse Ile and the U.S. mainland. Detroit River, and can these contaminants be
1Present Address: National Water Quality Laboratory, U.S. Geologi- I.elat(Ed- " SPCCiﬁc s-o SRR Do Tren.ton o cl
cal Survey, 5293 Ward Road, Arvada, CO 80002 nel sediments contain any unusual organic contam-
2Author to whom correspondence should be addressed. inants, the distributions and environmental fates
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FIG. 1. Station numbers and locations for the sedi-
ment samples in the Trenton Channel of the Detroit
River.

of which have not been previously assessed? What
is their significance, and what are the sources for
these compounds?

EXPERIMENTAL METHODS

Sampling

Sediments were collected in June through Septem-
ber of 1986 and June of 1987 by the U.S.E.P.A.
Large Lakes Research Station at the stations indi-
cated in Figure 1. Sediment grab samples were col-
lected with a Ponar sampler, a representative ali-
quot (about 800 mL) was transferred to a solvent
cleaned glass jar, and the jar was stored at 4°C.
Samples were returned to the laboratory by com-
mon carrier, and stored at 4°C until extraction.

Extraction and Fractionation

Samples were homogenized by stirring the enrtire
sample, and 15 to 20 g were removed for percent
water determination. Another aliquot (10 to 30 g)
was mixed with 30 to 70 g clean, anhydrous sodium
sulfate to absorb sediment pore water; the result-
ing mixture had a loose, porous texture suitable for
efficient extraction. Just prior to extraction, sam-
ples were spiked with two internal standards: a
PCB (congener 204; 2,2',3,4,4',5,6,6"-octachloro-
biphenyl) and an eight component perdeuterated
polycyclic aromatic hvdrocarbon (PAH) mixture.
Each sample was extracted in a Soxhlet apparatus
for 24 hours with isopropanol, followed by methy-
lene chloride for an additional 24 hours. Sample
volumes were reduced by rotary evaporation, com-
bined, and solvent-exchanged to hexane.

Combined, hexane-exchanged extracts were
chromatographed on columns containing 20 grams
of 1% deactivated silica-gel, with HCl-rinsed cop-
per at the bottom to adsorb elemental sulfur and a
sodium sulfate “cap” at the top to absorb residual
water. Samples were charged to the column in 3
mL of hexane and eluted sequentially with 45 mL
of hexane, 45 mL of 10% methylene chloride in
hexane, 45 mL of methylene chloride, and 45 mL
of methanol. All fractions were collected sepa-
rately. Fraction volumes were reduced by rotary
evaporation, transferred to amber vials, and
refrigerated. -

Methylene chloride fractions from some sedi-
ment extracts (Station 30CR, for example) were
not sufficiently separated from methanol fraction
components due to high contaminant concentra-
tions. These samples required a second fractiona-
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tion before analysis and were rechromatographed
on a second silica column using an identical solvent
elusion scheme.

Analysis

All components except PAH were identified and
quantitated using electron capture, negative ion-
ization (ECNI) gas chromatographic mass spec-
trometry (GC/MS) using a Hewlett-Packard
5985B system equipped with a2 30 m X 0.25 mm,
DB-5, fused silica capillary column. Helium was
used as the carrier gas. Methane reagent gas was
introduced into the ion source by a modified trans-
fer line and regulated to an ion source pressure of
0.4 torr. The ion source temperature was held at
100°C. A GC temperature program, identical to
that used for GC screening, was used to maximize
compound separation (initial temperature 30°C,
held for 3 minutes, temperature increased at 10°C/
min to 100°C then at 4°C/min to a final tempera-
ture of 280°C, which was held for 50 minutes). A
range of 50 to 750 daltons was scanned every 1.4
seconds. The emission current was approximately
200 pA, and the electron energy was approximately
200 eV. Confirmation of compound identity was
based on inspection of mass spectra and similarity
of GC retention times when compared with stan-
dard Aroclors and Halowaxes..

Quantitation of halogenated aromatics was per-
formed by generating mass chromatograms of
selected ions from ECNI GC/MS total ion chro-
matograms. Mass chromatogram peak areas were
electronically integrated, and compound amounts
were calculated from response factors calculated
for the compound in question relative to PCB con-
gener 204, the internal standard. All halogenated
aromatic compound classes were quantified by
chlorine homologues. For example, there are 10
possible classes of PCB quantified in this study,
corresponding to the number of possible chlorine
substituents on the biphenyl skeleton.’

Total ion chromatograms of commercial poly-
chlorinated terphenyl (PCT) mixtures and sedi-
ment extracts are characterized by a poorly
resolved series of broad peaks eluting at the end of
a chromatogram. In this study, PCT was quanti-
fied by summing the ion abundances of the most
common PCT ions (corresponding to CI-9 to Cl-14
homologues) and quantifying with respect to PCB
congener 204, using a response factor determined

for Aroclor 5460. This mixture contained the
broadest range of PCT congeners and homologues
in the commercially available Aroclors and
appeared to be representative of sedimentary PCT.
PCT concentrations are reported only as total
PET.

Polycyclic aromatic hydrocarbons (PAH) were
identified and quantified on a Hewlett-Packard
5995 GC/MS system operated in the electron
impact mode and equipped with a 25 m x 0.25
mm, SE-54, fused silica capillary column. Helium
was used as the carrier gas, and temperature pro-
gramming (initial temperature 30°C, keld for 4
minutes, temperature increased at 10°C/min to
160°C, then at 3°C/min to 290°C, which was held
for 34 minutes) was used to achieve maximum
PAH component separation. The electron energy
was approximately 70 eV.

A selected ion monitoring (SIM) program simi-
lar to that used by McVeety (1986) was used for
PAH quantitation. Molecular ions of the different
PAH and their perdeuterated analogues were mea-
sured at the appropriate GC retention times.
Selected ion chromatograms were generated and
peak areas electronically integrated. Mixtures of
PAH and deuterated PAH (from 50:1 to 1:50) were
analyzed in the same manner as samples. From
these standard analyses, calibration curves were
developed and used to calculate PAH concentra-
tions for any ratio of PAH to deutero-PAH.
Observed ratios of PAH to deutero-PAH varied
from approximately 10:1 to 1:3.

Sediment dry weights were calculated from per-
cent water determinations. All concentrations are
expressed in nanograms of compound per gram
dry weight of sediment. Procedural blanks were
taken through all phases of extraction, isolation,
and analysis; final results were corrected for blank
contributions, which were always very small.

Quality Control

Analytical reproducibility was assessed by tripli-
cate subsample analyses of sediments with high
and low contaminant concentrations (Stations
30CR and 25A, respectively). Quantitation preci-
sion of PCN, as individual homologues, ranged
from 1.4 to 26% relative standard deviation
(RSD). The precision for the PCB homologues
ranged from 3 to 25% RSD. No systematic differ-
ence between high and low concentration samples
was noted for any of the compound classes. Total
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polychlorinated terphenyl (PCT) was at the detec-
tion limit in the low concentration samples. In high
concentration samples, precision was 21% RSD.

The PAH method was independently checked
for precision and accuracy by triplicate analysis of
a National Bureau of Standards (NBS) reference
material (SRM 1649). We reproduced NBS certi-
fied values, as expected from previous applications
of the perdeuterated PAH internal standard tech-
nique to this SRM (McVeety 1986, Furlong er al.
1987, Roll 1986, Behymer and Hites 1985). PAH
were quantified at the 100 picogram level using this
technique.

RESULTS AND DISCUSSION

Thirty-three sediment samples were extracted,
fractionated, and analyzed by GC and GC/MS
(see Fig. 1). Examination of column chromato-
graphic fractions indicated that chlorinated aro-
matic compounds eluted in the first two of the four
fractions (these first two fractions were subse-
quently combined prior to GC/MS analysis) and
polycyclic aromatic hydrocarbons eluted in the
third. However, on a gravimetric basis, better than
50% of the Soxhlet extractable material is con-
tained in the fourth (methanol) fraction, suggest-
ing that this fraction, which is composed of a wide
range of compounds typically classified as “polar,”
is likely to contain unique compounds which are
not normally quantified in typical sediment extrac-
tion methods. ,

Quantitative results for PAH and PCB, as well
as for the two relatively unknown compound
classes, the PCN and PCT, are discussed below.
These four compound classes, with some minor
contributions from pesticides, octachlorostyrene,
and penta- and hexachlorobenzene, were the major
anthropogenic compounds eluting in the first three
chromatographic fractions of Trenton Channel
extracts.

Polycyclic Aromatic Hydrocarbons

Concentrations for 15 individual sedimentary PAH
and their sum are given in Table 1. Individual PAH
concentrations vary from not detected (<4 ng/g)
to 22,000 ng/g. Individual and summed PAH con-
centrations were compared for all stations using a
correlation matrix. There is an extremely high cor-
relation between all individual PAH and summed
PAH (arithmetic mean r = 0.869 + 0.098). This

suggests that the relative amount of each PAH are
similar across a wide range of absolute concentra-
tions. It also suggests that there is either a single
PAH source, multiple sources which are not signif-
icantly different from one another, or that the
PAH are well mixed prior to sedimentary
deposition.

In addition to being compositionally uniform,
the presence of significant quantities of photo-
reactive PAH (such as anthracene and benzo[a]an- .
thracene) in Trenton Channel sediments suggests
that a PAH source other than combustion-derived
atmospheric particulates contributes to the
observed PAH signal. In sediments and atmo-

. spheric particulates collected at remote sites, where

adsorbed PAH would have had significant expo-
sure to sunlight, phenanthrene/anthracene and
benzo[e]pyrene/benzo[a]pyrene ratios are about
16 and 2, respectively (McVeety 1986, Furlong et
al. 1987), which reflect the relatively short photo-
lytic half-lives of benzo[a]pyrene and anthracene
(Behymer and Hites 1985). In contrast, Trenton
Channel sediment ratios are 2.9 for phenanthrene/
anthracene and 0.93 for benzo[e]pyrene/
benzo[a]pyrene.

Total PAH concentrations measured in this
study compare reasonably well with concentrations
calculated from the data of Fallon and Horvath
(1983, 1985) for six stations in their Trenton Chan-
nel study area. Due to the dynamic nature of the
Trenton Channel sediment environment, large con-
centration differences are observed over short dis-
tances in both data sets (see Fig. 2); thus our 1986
results are not directly comparable to their 1982
results on a point-to-point basis. Furthermore,
Fallon and Horvath made their measurements on
homogenized 50-cm cores; thus, their concentra-
tions would be expected to be lower than our surfi-
cial sediment samples. :

Total PAH concentrations are highest (60,000 to
130,000 ng/g) at Stations 30CR, 110, and 112 (see
Table 1 and Fig. 2). Stations 30CR and 110 are
located just downstream of the Wyandotte Chemi-
cal Co. in the vicinity of the Federal Marine Termi-
nal, a hazardous waste disposal site. Station 112 is
adjacent to a Mobile Oil refinery site near Eliza-
beth Park. These are potentially significant sources
of PAH to the immediate vicinity. However,
locally high PAH concentrations at sites more dis-
tant from suspected point sources are less easily
explained. Deposition of PAH rich, fine-grained
particles in certain regions of the Trenton Channel
is likely to be a major complicating factor.




TABLE 1. Individual and summed polycyclic aromatic hydrocarbon concentrations (ng/g dry weight of sediment) in Trenton Channel sediments.

. & . . = : : 2o -
S o ¢ 24 & § o S s & £ 2 E . = g cl g

tion - o3 £ £= & e 5y a5 3] & & S 8 S & & @ M~ S PAH
25A 220 330 1,500 730 2,300 2,200 1,100 1,700 2,100 880 1,500 410 890 230 16,000
25 530 1,400 2,800 2,200 4,500 4,400 2,000 2,800 3,800 1,600 2,800 670 1,500 360 31,000
30 380 810 3,500 1,500 5,400 4,900 3,700 . 3,300 5,700 2,100 3,700 910 2,000 750 39,000
30AC 84 160 810 330 1,500 1,300 660 1,100 1,800 710 1,100 320 640 190 11,000
3OCR ' . 370 880 545,500 52,6006 1,400~ - 11,000 ~ 5400 ° 8,900~ 12,000 ~~“4,700 7,400 2,100 ~~"5,000**1,200 ~*«= 81,000
30UP 270 560 2,300 820 3,800 3,400 2,700 2,400 - 3,500 1,400 2,400 760 1,600 670 27,000
34 160 380 1,600 540 3,100 2,900 1,400 2,400 3,500 1,500 2,400 740 66 410 21,000
41 240 510 2,300 1,100 4,000 3,500 1,900 2,800 3,700 1,600 2,800 780 1,600 390 27,000
42 340 720 2,900 950 4,300 4,200 2,200 3,800 4,700 2,500 3,400 1,000 2,500 640 34,000
43 1,100 330 1,500 350 2,800 3,100 2,300 2,300 2,900 1,500 2,000 540 1,200 440 22,000
44A 130 230 1,600 660 3,900 3,300 1,600 2,600 3,800 1,500 2,500 650 1,500 330 24,000
45 150 290 1,600 490 3,200 2,900 1,400 2,700 3,800 1,800 2,500 670 1,600 420 24,000
47 140 280 1,200 700 2,700 2,600 2,100 2,000 2,400 1,000 2,000 520 970 440 19,000
49 130 210 1,200 400 2,000 1,700 910 1,400 1,900 990 160 330 860 180 12,000
51 10 22 120 37 210 210 120 130 340 81 120 36 72 32 1,400
52 n.d. n.d. 50 8.8 38 38 17 52 57 26 33 4.0 27 n.d. 350
53 58 170 690 240 1,400 1,700 1,300 1,600 2,300 1,100 1,500 480 1,100 260 14,000
54 180 290 1,500 620 2,700 2,500 2,200 2,100 3,400 1,400 2,600 720 1,500 510 22,000
59A 60 170 880 350 1,500 1,400 1,600 1,500 2,800 1,100 1,800 470 1,000 230 15,000
77 260 530 2,300 890 4,000 3,800 2,900 2,800 4,900 1,900 3,800 970 1,600 660 31,000
82 n.d. 1.7 64 20 120 120 100 78 170 74 74 n.d. 54 15 890
83 n.d. n.d. 100 41 200 160 69 110 180 73 110 41 66 n.d. 1,200
104 200 380 1,500 460 2,000 1,700 1,400 1,200 2,600 960 1,600 450 990 300 16,000
105 - 250 470 2,100 650 20,000 2,800 1,600 2,400 3,500 1,800 2,100 . 730 1,700 370 41,000
107 520 1,500 5,341 1,600 6,000 5,400 2,500 4,500 5,400 2,500 3,700 1,200 2,400 650 43,000
110 920 1,800 15,000 3,300 22,000 20,000 9,200 12,000 16,000 7,900 9,900 3,000 7,600 1,600 130,000
111 470 760 4,500 1,600 5,100 4,500 2,600 4,200 6,000 3,100 4,400 1,400 4,100 1,200 44,000
112 520 1,200 5,300 2,000 7,100 7,000 3,700 6,900 8,900 4,200 6,100 1,700 3,900 950 60,000
113 46 75 430 140 960 940 470 870 1,200 570 820 210 500 92 7,300
114 45 120 560 . 140 1,100 1,000 440 910 1,200 630 670 200 480 120 7,700
901 480 560 2,600 1,700 5,200 4,300 4,200 3,600 5,300 2,100 3,900 1,100 1,800 780 38,000
902 58 150 630 170 1,600 1,900 1,000 1,300 2,100 920 1,000 360 810 360 12,000
903 n.d. 49 340 50 490 330 160 220 380 160 140 n.d. 130 69 2,500
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FIG. 2. Total polycyclic aromatic hydrocarbon con-
centrations (ng/g dry weight) in Trenton Channel sedi-

ments; see last column of Table 1.

PAH concentrations throughout the Trenton
Channel are indicative of significantly contami-
nated sediments. Sediment samples from remote
sites typically contain total PAH concentrations
under 10,000 ng/g (Furlong et al. 1987, McVeety
1986; Heit ef al. 1981) in comparison to total PAH
concentrations of up to 130,000 ng/g in Trenton
Channel sediments. This is particularly remarkable
given that the likely residence time of Trenton
Channel surface sediments is short, suggesting that
the yearly throughput of PAH is high. The Detroit
River-Trenton Channel could be a significant PAH
source to Lake Erie, both in the western region and
lakewide, depending on the dynamics of lake sedi-

* ment transport.

Polychlorinated Biphenyls

PCBs are well recognized environmental contami-
nants; they have been identified in sediments,
water, air, and biota from both pristine and highly
polluted environments (Oliver, 1985, Erickson
1986, Brownawell and Farrington 1986, Kim-
brough 1980, Brown et al. 1987). Previous investi-
gations of Detroit River sediments have indicated
PCB contamination ranging up to 3,800 ppb
(Hamdy and Post 1985, Kaiser ef al. 1985).

The total PCB concentrations (sum of Cl; to Cl,,
homologues) measured in this study are illustrated
in Figure 3. Table 2 gives the total PCB and indi-
vidual chlorine homologue concentrations for
these samples. The highest PCB concentrations
occur at Stations 77 and 107 with significantly
lower levels both upstream and downstream of
these stations (see Fig. 3). The observed distribu-
tion is similar to that of total PAH (see Fig. 2), and
it can arise from two processes: (a) input from
upstream and within-channel sources, and (b) fine-
grained, PCB-enriched sediments concentrating in
deposition zones. Significant sedimentary PCB
contamination both upstream and downstream of
the Trenton Channel has been observed previously
(Oliver and Bourbonniere 1985, Kaiser et al. 1985);
this suggests that multiple sources of PCB are con-
tributing to the sediment transported through the
Trenton Channel. Thus, Trenton Channel sedi-
ment PCB contamination is not necessarily from
within channel sources, rather it originates from
pre-contaminated sediment transport.

Concentrations and distributions of PCB chlo-
rine homologues provide some additional informa-
tion. In the United States, commercial PCB mix-
tures were distributed primarily as 1200 series
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FIG. 3. Total polychlorobiphenyl concentrations (ng/
g dry weight) in Trenton Channel sediments; see last
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Aroclor mixtures by the Monsanto Company;
these mixtures had relatively well-defined percent-
ages of chloro-homologues in each (Hutzinger et
al. 1974, Brinkman and de Kok 1980). Many pre-
vious analytical methods for PCB have attempted
to quantify environmental PCB contamination in
terms of the concentration of an Aroclor mixture
(Erickson 1986). However, observed homologue
distributions can reflect differential degrees of sol-
ubility, sediment adsorption, vaporization, and
bioaccumulation (Pearson, 1982).

Relative to commercial PCB mixtures, the chlo-
rine homologue compositions observed in Trenton
Channel sediments are skewed toward higher chlo-
rine homologues (Cl; to Cl,, PCB), as would be
expected from lower homologue volatility, adsorp-
tion, and solubility (Hutzinger et al. 1974). Large
concentrations of decachlorobiphenyl may result
from direct inputs of this homologue which was
commercially produced and imported into the
United States in significant quantities (Brinkman
and de Kok 1980). The higher PCB homologues
are also contained in PCT mixtures (Aroclor 5400
series; Brinkman and de Kok 1980). When com-
pared to Aroclor homologue compositions, di-
through nona-chloro PCB homologue distribu-
tions in Trenton Channel sediments are signifi-
cantly altered from what would be expected from
unaltered commercial Aroclors (Hutzinger er al.
1974).

In contrast with our observations, a recent
report (Brown er al. 1987) has suggested that
reductive dechlorination of higher chlorination
PCB homologues occurs within anoxic Hudson
River sediments located downstream from a major
PCB source. Although the degree of sediment
anoxia was not determined in this study, many of
the samples, particularly the most fine-grained sed-
iments, are likely to be reducing. Other authors
(Brownawell and Farrington 1986) observed an
enrichment of higher chlorinated PCB homologues
in sediments from New Bedford Harbor, a severely
PCB-contaminated environment. They attributed
the observed PCB distributions to partitioning
between sediments, water, and dissolved organic
colloids. Grab samples were collected in our study,
so depth profiles of PCB homologue distributions
cannot be determined; it would be an important
priority in future studies to determine if reductive
dechlorination or porewater transport is a signifi-
cant process altering observed, Trenton Channel,
PCB homologue distributions.
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TABLE 2. Individual homologue and summed polychlorobiphenyl (PCB) concentrations (ng/g dry weight of sedi-

ment) in Trenton Channel sediments.

Sta- Cl-3 Cl-4 Cl-5 Cl-6 Cl-7 Cl-8 Cl-9 Cl-10 Total
tion PCB PCB PCB PCB PCB PCB PCB PCB PCB
25A n.d. 100 210 330 260 44 8.4 13 950
25 n.d. 77 120 160 120 15 3.4 0.7 500
30 n.d. n.d. n.d. 4.1 31 28 37 50 150
30AC n.d. 63 98 190 150 20 53 0.9 520
%’Q" 7 S 480 340 950 1,200 220 39 ”_‘\3...3_%\

0UP n.d. n.d. 24 76 110 35 45 : 81 390
34 59 720 830 830 490 87 3 16 11 3,100
41 n.d. 220 260 300 210 33 23 12 1,100
42 94 560 890 960 610 140 36 52 3,300
43 n.d. 66 180 200 130 36 11 6.8 630
44A 16 150 120 79 41 8.5 4.7 1.0 420
45 n.d. 110 140 180 - 130 22 10 8.2 600
47 n.d. 67 68 60 43 8.1 3.9 1.4 250
49 81 110 190 220 150 25 6.7 5.7 780
51 n.d. 25 2.3 6.9 10 1.5 1.4 0.4 25
52 n.d. 24 34 3.1 0.8 n.d. 0.014 0.1 9.5
53 145 250 350 410 330 65 14 6.5 1,600
54 n.d. 33 51 75 64 5 16 14 280
S9A n.d. 75 140 150 98 28 - 13 6.8 510
77 297 1,300 2,200 3,800 4,000 1,300 270 50 13,000
82 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
83 n.d. 3.9 5.6 3.6 0.5 0.2 n.d. 0.4 14
104 n.d. - 150 140 72 9.5 4.4 3.3 440
105 322 1,300 1,300 770 350 76 20 18 4,100
107 1,352 5,100 4,500 2,100 720 150 45 120 14,000
110 n.d. 520 2,900 2,000 1,000 430 140 14 7,200
111 46 240 280 310 220 39 12 6.7 1,100
112 259 1,100 1,300 1,400 860 190 38 18 5,100
113 n.d. 120 170 150 70 10 0.8 1.4 510
114 n.d. 160 230 250 140 20 3.1 4.0 790
901 n.d. 100 130 200 140 25 4.3 0.9 610
902 n.d. 180 300 500 420 94 25 12 1,500
903 n.d. 51 66 65 34 2.0 0.9 0.9 220

Polychlorinated Naphthalenes

Polychlorinated naphthalenes (PCN) have been
commercially produced since World War 1. They
have physical and chemical properties similar to
PCB, but since the introduction of PCB in 1929,
PCN have comprised a much smaller fraction of
commercial haloaromatic compound production
(about 10% of PCB production; Brinkman and
de Kok 1980). Commercial uses of PCN prior to
the 1950s were as dielectrics, water repellants, and
lubricants. After the 1950s, production declined,
and since 1973, the major use has been in automo-
bile capacitors (Brinkman and Reymer 1976).
Environmental PCN concentrations have not

been extensively reported (Kimbrough 1980, Jaffe
and Hites 1984). PCN have been noted in Detroit
River samples, but not previously reported or
quantified (M. Mullin, personal communication).
Trenton Channel total PCN concentrations are
mapped in Figure 4, and total PCN and individual
chlorohomologue concentrations are listed in
Table 3.

By far the highest PCN concentration (61,000
ng/g) is found at site 110; stations just downstream
of this site also show high PCN concentrations.
Since PCN concentrations had not been reported
in other Detroit River studies, it was not clear
whether PCN contamination was systemic in the
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Detroit River or localized in the Trenton Channel.
Our measurements of five samples north of both
Station 110 and the channel proper (Stations 901,
82, 83, 25, and 25a) show negligible (0 to 10 ng/g)
PCN concentrations, suggesting that there are few
upstream PCN sources. It is especially important
to note that Stations 901 and 85 are primarily com-
posed of fine-grained accretionary sediment,
which would have adsorbed PCN during trans-
port, if they had been introduced in significant
concentrations upriver.

Compositional alteration of sedimentary PCN
chlorine homologue distributions is expected to be
affected by processes similar to those altering
PCB. However, homologue compositions of com-
mercial PCN mixtures (Halowax 1000 series) are
less well-known than those of PCB. Significant
octachloronaphthalene concentrations were mea-
sured, and octachloronaphthalene is the major
component of the commercial mixture, Halowax
1051. However, the extent of its production by the
two major U.S. manufacturers of PCN mixtures,
The Koppers Co. (until 1977; Brinkman and
de Kok 1980) and Halochem (which produces an
equivalent mixture, N-wax 80) is not known. Total
U.S. production of all PCN mixtures in 1978 was
estimated to be 700,000 Ibs. (Brinkman and de Kok
1980). ]

Due to similarity in physical and chemical prop-
erties (Hutzinger et al. 1974, Brinkman and Rey-
mer 1976), PCB and PCN in Detroit River sedi-
ments co-eluted over a very similar time window.
Examination of electron capture GC or total ion
GC/MS chromatograms were insufficient to deter-
mine component identity. Sufficient resolution and
quantitation of the co-eluting compound classes
were achieved only by utilizing mass chromato-
grams of homologue specific PCB or PCN ions.
Unless unequivocal chromatographic separation
can be achieved, PCNs can be a significant con-
tributor to estimated PCB concentrations.

CANADA

STATES

UNITED

Kitometers

) < 100 ng/g Polychlorinated Terphenyls

© 1001000 ng/g Polychlorinated terphenyls (PCT) are chlorinated

@ 1000-10,000 ng/g three ring analogues of PCB. PCT production was

a small fraction of that of PCB (maximum U.S.

@ >10,000 ng/¢g production: 107 kg in 1971, Brinkman and de Kok
Total PCN Concentration 1980). PCT were commercially produced by Mon-

santo (Aroclor 5400 series) and marketed as PCT
FIG. 4. Total polychloronaphthalene concentrations and as PCB-PCT mixtures. PCT have been identi-
(ng/g dry weight) in Trenton Channel sediments; see  fied and quantitated in fish, gull eggs and tissue,
next to the last column of Table 3. oysters, and human fat samples (Doguchi et al.
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TABLE 3. Individual homologue and summed polychloronaphthalene (PCN) and total polychloroterphenyl (PCT)
concentrations (ng/g dry weight of sediment) in Trenton Channel sediments.

Sta- Cl-2 Cl-3 Cl4 Cl-5 Cl-6 Cl-7 Cl-8 Total Total
tion PCN PCN PCN PCN PCN PCN PCN PCN PCT
25A n.d. 2.1 2.7 0.43 5 1.4 0.41 8.5 1.4
25 n.d. 0.64 3 0.49 0.76 0.56 0.24 4.4 (55
30 2.4 400 520 710 880 710 100 3,300 2.1
30AC nd. 23 30 16 18 9.0 2.0 97 21
30CR n.d. 120 270 150 280 180 13 1,000 350
30UP n.d. 130 230 390 440 370 52 1,600 31
34 0.1 150 220 140 150 98 ' 13 Y T70 84
41 n.d. 72 82 35 31 .16 . “ER 240 15
42 0.63 170 240 110 160 140 20 840 260
43 0.40 140 210 120 150 120 12 750 3.5
44A n.d. 15 25 14 7.6 4.8 1.1 68 26
47 n.d. 16 25 15 14 7.6 1.0 80 1.7
49 0.22 53 100 79 98 69 8.9 410 180
51 n.d. 1.0 1.9 2.1 1.9 1.4 0.18 8.5 13
52 n.d. 0.12 0.22 0.033 0.014 0.026 n.d. 0.41 n.d.
53 n.d. 52 110 64 64 41 5:2 330 170
54 0.48 160 270 350 380 410 56 1,600 320
359A n.d. 130 240 200 270 290 42 1,100 240
77 n.d. 230 640 510 820 630 > 55 2,900 350
82 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
83 n.d. 0.31 0.49 n.d. 0.15 0.20 n.d. 1.1 n.d.
104 n.d. 160 160 87 89 75 11 580 490
105 1.1 230 320 260 240 170 18 1,200 210
107 =S 50 - 670 - 470 430 300 31 2,400 400
110 10 7,800 21,000 15,000 11,000 5,700 420 61,000 2,500
111 0.14 61 110 230 370 170 13 950 260
112 1:7 440 800 710 730 570 59 3,300 720
113 n.d. 94 180 160 130 75 7.0 640 17
114 n.d. 93 130 56 64 50 Z3 400 0.67
901 n.d. 0.75 1.8 0.45 2.6 n.d. n.d. ST 0.063
902 n.d. 22 61 67 83 57 5.0 300 120
903 n.d. 21 36 12 8.5 4.4 0.39 83 34

1974, Freudenthal and Greve 1973, Zitko ef al.
1972, Jan and Malnersic 1978), as well as in Rhine
River water (Freudenthal and Greve 1973). Docu-
mented PCT contamination of sediments and soils
has ranged from <0.2 ppm to 13 ppm, near a
potential source (Stratton and Sosebee 1975).

PCT are compositionally complex and contain
both chlorine positional isomers and positional
isomers of the third phenyl ring (ortho, meta, and
para). In addition, commercial PCT mixtures have
a significant (about 1% by wt) PCB component.
Our examination of 5400 series Aroclors indicated
PCB homologue distributions ranged primarily
from CI, to Cl,, biphenyls.

Total PCT distributions are mapped in Figure 5

and listed in Table 3. PCT concentrations range
over three orders of magnitude, from a high of
2,500 ng/g at Station 110 to undetectable concen-
trations both upstream and downstream of the
central Trenton Channel. Previous reports of envi-
ronmental PCT contamination have linked them
with investment casting facilities (Stratton and
Sosebee 1975). Although U.S. production of PCT
ceased in 1971, PCT have been imported primarily
for use as slow shrinkage wax fillers in investment
casting (Brinkman and de Kok 1980). This use,
coupled with the absence of quantifiable PCT con-
centrations upstream of the Trenton Channel, and
slowly. decreasing concentrations downstream,
suggests a localized PCT source associated with
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STATES
CANADA

ELERON
ISLAND

- <10 ng/g
O] 10-100 ng/g

() 100-1,000 ng/g

Q > 1,000 ng/g

Total PCT Concentration

FIG. 5. Total polychloroterphenyl concentrations

(ng/g dry weight) in Trenton Channel sediments; see
last column of Table 3.

one or more of the industrial concerns currently or
formerly operating in the vicinity of Station 110.
This site is adjacent to a closed steel products fac-
tory. However, other commercial concerns, as well
as a hazardous waste site (the Federal Marine Ter-
minal), are located in this region; thus, final link-
age of PCT to a specific point source is tentative.

Transport and Behavior of Organic
Contaminants in Trenton Channel Sediments

Two distinct contaminant distributions are
reflected in the concentration range maps given in
Figures 2 through 5. Total PAH and PCB concen-
tration distributions are elevated in stations
upstream of the Trenton Channel, suggesting
upstream sources of these compounds. In contrast,
total PCN concentrations increase from below the
detection limit to 8.5 ng/g upstream to 1,000 to
61,000 ng/g in the vicinity of Stations 30CR, 77,
and 110. Similarly, total PCT concentrations
increase from 0 to 1.4 ng/g upstream to 350 to
2,500 ng/g at the same three stations. For most
samples, sediment concentrations of all four com-
pound classes are elevated downstream from those
three stations. Highest concentrations of PCN,
PCT, and PAH occur at Station 10. PCB concen-
trations are highest upstream and downstream of
Station 110, at Stations 77 and 107.

A correlation matrix was generated comparing
the totals of all four organic compound class distri-
butions with each other. The data were paired on a
site-by-site basis. An analogous matrix was gener-
ated to produce Spearman rank-ordered correla-
tion coefficients for the same organic compound
classes. In both unranked and rank-ordered data
sets, all four compound classes were significantly
correlated. However, the correlation was higher
between PCT and PCN than between PCB and
PCN or between PCB and PCT. Results for corre-
lations with PAH indicated higher correlation with
PCN and PCT when the data were unranked.
Rank ordered results were equivocal. Taken
together, these statistical tests suggest a sequential
order of correlation between compound distribu-
tions. PCN and PCT spatial distributions are most
similar to each other. PAH distributions are some-
what similar to PCN and PCT, and PCB distribu-
tions are least similar to the other three compound
classes. ;

These comparisons refer to only the summed
(total) compound classes. In a correlation matrix
for individual PCB-chlorine homologues, correla-
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tion coefficients varied markedly with each other

- and with total PCN or PCT. Correlation coeffi-

cients ranged from not significant to highly signifi-
cant. This is probably the result of multiple PCB
sources. In comparison, PCN homologues are
strongly correlated with each other and with total
PCT, further suggesting that sediment PCN and
PCT concentrations are derived from a single
source for both compound classes.

Finally, spatial heterogeneity should be consid-
ered the characteristic most common to all com-
pound distributions (see Figs. 2 through 5). Sta-
tions close to each other may have one or two
orders of magnitude concentration differences for
any single compound class. We also note two
larger scale spatial features: (a) a region of rela-
tively low PCN, PCB, PCT, and PAH concentra-
tions along the southwest shore of Grosse Ile, and
(b) elevated contaminant concentrations along the
western shore of the Trenton Channel. The abun-
dance of potential contaminant sources along the
western shore of the Trenton Channel (Thomley
and Hamdy 1984) may explain the observed high
contaminant concentrations. However, the south-
west shore of Grosse Ile is a depositional site for
fine-grained sediments (Fallon and Horvath 1983,
1983), and hence it is a potential sink for contami-
nated sediments from upstream of this region. The
complex interactions between contaminant
sources, suspended sediment load, and in-channel
sediments require further investigation before the
heterogeneous distributions of sediment contami-
nant concentrations can be explained.

Other Potential Contaminant Tracers

Several cholesterol derivatives, primarily cholesta-
nols, were identified in central Trenton Channel
sediments at station 30CR. These compounds
result from intestinal microbial reduction of unsat-
urated sterols during -mammalian metabolism.
Since cholestanols are not present to any apprecia-
ble extent in natural waters, these compounds are
indicative of fecal contamination (Smith et al.
1968). Cholesterol levels in sewage drop drastically
upon activated sludge treatment of the sewage
(Smith er al. 1968); thus, cholestanol concentra-
tions can be used to track deposition patterns of
sediments contaminated with untreated sewage.
However, cholestanols can only be used as an indi-
cator for moderately short range transport studies
because these contaminants have many localized
sources.

Tertiary. alkyl phenols were identified in sedi-
ments from-station 30CR 2t the mouth of Mon-
guagon Creek;=2,4-di-ferf-pentylphenol “was the
most abundant alkyl phenol identified. Pennwalt
Organic Chemicals Division, which produces these
compounds, is located on the creek about 0.8 km

upstream of the sampling site. Thel Pennwalt plant?-
on Monguagon Creek is the sole produccr of thxs';
compound in the Great Lakes area; thus, this com-

pound seems to have a single point source. Initial
results indicate that 2,4-di-ferr-pentylphenol is not
present in riverine sediment samples taken
upstream of site 30CR and that it rapidly disap-
pears downstream. Selected ion monitoring tech-
niques are currently being developed to identify
and quantify these phenols in Trenton Channel
sediments.

SUMMARY

Analyses of Trenton Channel sediments indicate a
wide range of contaminant loading to sediments.
Station 110, near Monguagon Cresk, is the most
contaminated site. PAH, PCN, and PCT are most
abundant at this site; there are low contaminant
concentrations upstream of this site and decreasing
contaminant concentrations downstream. In addi-
tion to the common PCB and PAH, two novel
classes of haloaromatic compounds, the poly-
chlorinated naphthalenes (PCN) and the poly-
chlorinated terphenyls (PCT) were identified and
quantified. PCN and PCT seem to come from a
within-channel source, and these compounds could
serve as a unique chemical indicator of sediment-
transported organic contaminants from the Tren-
ton Channel to Lake Erie.
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